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Abstract: Damage to a glass surface by sandblasting has a remarkable effect on its mechanical properties and
strength. In this study, we analyze the superficial deterioration of soda-lime glass and its influence on the
mechanical strength. Sandblasting by gravitation from a fixed height causes damages by the free fall of
different quantities of sand, which we performed for a selected grain size and at different angles of inclination.
To characterize the surface state, we used different roughness measures (the arithmetic mean value of the
roughness Ra, the root mean square roughness Rq, and the maximum roughness Rmax) and measured the optical
transmission (transmittance) at different points on the specimen surface using a profilometer. To determine the
mechanical strength, we proceeded by two methods: first, by a shock ball (falling ball), and then by biaxial
bending using circular supports. The effects of the surface damage on the optical transmission and the
mechanical strength of the glass are graphically presented and discussed in this paper.
Keywords: sandblasting; mechanical strength; roughness; soda lime glass

1

Introduction

Today, the exhaustion of hydrocarbons as an energy
source has oriented the world toward other forms of
energy sources that are permanent; thus deserts are
considered to be favorable regions for the investment
of solar panels. The glass protectors of the panels are
subjected to the harsh climatic conditions in these
regions that have an obvious effect on their surface
states and properties (optical and mechanical), such
is the case of all glasses used in deserts (in house
windows, car windshields, optical instruments, etc.).
Indeed, it has been demonstrated in Refs. [1−4] that
the mechanical strength of glass is influenced by:
the state of or damage to the surface;
the length or speed of load;
the environment.
Damage by sand gravitation is a simple and economical
method; it damages a surface state by the free fall of a
* Corresponding author: Saci BENBAHOUCHE.
E-mail: benbahouche_s@yahoo.fr

given quantity of sand of known grain size from a
fixed height while using a deterioration device [5−7].
Deterioration by sand gravitation is governed by the
tendency of a sand grain to create microcracks on the
specimen surface.

Fig. 1 Diagram of a device used for deterioration of a surface
state by gravitation of sand.
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2

Materials and experimental procedures

The glass used in this study was a soda-lime-silica
float glass manufactured by ENAVA (Entreprise
Nationale du Verre et Abrasifs, Algeria). The samples
were square shaped and 100 mm × 100 mm × 4 mm cut
from the same plate.
The chemical composition is given in Table 1.
The Young’s modulus of 72 GPa, Poisson’s ratio
of 0.22, and a hardness 6.55 GPa were measured,
respectively, by an ultrasonic pulse echo technique
and macro indentation. The experimental study was
essentially based on the measurement of the roughness
by a profilometer (Hommel tester T20DC) for specimens of the soda-lime glass bombarded by different
quantities of sand (100, 300, and 500 g) whose grain
sizes were selected by sifting (the diameter measured
by the optical microscope “NEOPHOT 21” is: G =
0.456 ± 0.065 mm), for a constant height of sand fall
of 1 m, a constant debit 1.66 g·s–1, and three angles
of inclination,  of the specimen ( = 30°,  = 45°, and
 = 60°).
We measured the transmittance at the same point
where we determined the roughness, using an MD
100 microdensitometer.
The rupture strength was determined by two kinds
of tests:
The test by the shock ball was performed using
a device made in our laboratory, which has the
following parameters: step length L = 30 mm and
ball mass m = 24.84 g.
The test by biaxial bending using two concentric rings
was performed on the universal test machine
(DY22 5KN) with the following parameters:
loading speed V = 5 mm·min–1, capacity P =
500 daN; precision  = ±0.5% of the measure, radius
of the load ring (upper) r0 = 10 mm, and radius of the
fixed ring (lower) r = 20 mm.
Table 1

3

Results

Before the blasting, we determined the arithmetic
mean of the roughness, Ra, the root mean square
roughness, Rq, the maximum roughness, Rmax, the
transmittance, Tr, and the mechanical strengths by
the shock ball, rc, and by biaxial bending rf, using
the circular rings, which are summarized in Table 2.
Table 2 Transmittance, mechanical strength, and roughness of
the soda-lime glass surface before damage.
Ra
Rq
Rmax
Tr
rf
rc
(m)
(m)
(m)
(%)
(MPa)
(MPa)
0.013 ± 0.014 ± 0.057 ± 89.18 ± 70.39 ± 95.22 ±
0.001
0.001
0.008
1.62
12.77
6.62
Note: For the mechanical strength measured by the shock ball, the
number of shocks repeated is Nsr = 8.

3.1

Surface state

Measurement of the roughness of the surface was
done from the superior side of the inclined specimen up
to its center, to avoid the effect of rebounding sand on
the underside, with steps of 10 mm along a straight line.
Figures 2, 3, and 4 show the variations of Ra, Rq,
and Rmax with the distance from the point of impact

Chemical composition of the glass.
Oxydes

Wt (%)

SiO2
Na2O
CaO
MgO
Al2O3
Balance

72.2
15.0
6.7
4.0
1.9
0.2

Fig. 2 Roughness variation with the sand impact distance (x) along
the surface for  = 30°.
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Fig. 2 (Continued)

Fig. 4 Roughness variation with the sand impact distance (x) along
the surface for  = 60°.

along the specimen for the undamaged state (Avant
degr.); for different quantities of sand (100 g, 300 g,
and 500 g) and different angles of inclination (30°, 45°,
and 60°).
3.2

Fig. 3 Roughness variation with the sand impact distance (x) along
the surface for  = 45°.

Optical transmission

Figures 5, 6, and 7 show the variations of the optical
transmission with the distance from the impact point
along the sample for the undamaged state (Avant
degr.); for different quantities of sand (100 g, 300 g,
and 500 g) and different angles of inclination (30°, 45°,
and 60°).
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Fig. 5 Optical transmission at distance x from the point impact
of the soda-lime glass damaged by sandblasting for different sand
quantities and an angle of inclination  = 30°.

Fig. 7 Optical transmission at distance x from the point impact
of soda-lime glass damaged by sandblasting for different sand
quantities an angle of inclination  = 60°.

decrease, rc, relative to the undamaged state, and
the number of shocks, Nsr, are summarized in Table 3.
3.3.2 Biaxial bending measurements with circular supports
The results of the mechanical strength measured by
biaxial bending, rf, and the corresponding percentage
decrease, rc, relative to the undamaged state are
summarized in Table 4.

Fig. 6 Optical transmission at distance x from the point impact
of the soda-lime glass damaged by sandblasting for different sand
quantities an angle of inclination  = 45°.

3.3

Mechanical strength

3.3.1

Shock ball measurements

The results of the mechanical strength measured by
the shock ball, rc, and the corresponding percentage

4 Discussion
4.1

Statistical interpretation

The tests carried out showed that the three roughness
measures (Ra, Rq, and Rmax) do not exhibit the usual
trend for the angle of inclination of 30°, whereas for
the other two angles (45° and 60°) the three measures
of the roughness approach the normal distribution
significantly for the damaged states (100 g, 300 g, 500 g),

Mechanical strength (by shock ball) of the soda-lime glass damaged by sandblasting.

Table 3

 = 30°

M (g)

 = 45°

 = 60°

rc (MPa)

rc (%)

Nsr

rc (MPa)

rc (%)

Nsr

rc (MPa)

rc (%)

Nsr

100

93.85 ± 5.06

1.5

7

92.69 ± 6.44

2.6

7

92.61 ± 7.39

2.7

7

300

93.66 ± 7.12

1.6

7

91.13 ± 8.42

4.3

6

90.38 ± 5.95

5.1

6

500

91.95 ± 5.64

3.4

6

87.50 ± 8.21

8.1

4

86.84 ± 4.43

8.8

4

Table 4

Mechanical strength (by biaxial bending) of the soda-lime glass damaged by sandblasting.

M (g)

 = 30°
rf (MPa)

 = 45°
rf (%)

rf (MPa)

 = 60°
rf (%)

rf (MPa)

rf (%)

100

66.10 ± 7.85

6.1

63.93 ± 6.89

9.2

62.91 ± 5.72

10.6

300

58.33 ± 4.25

17.1

53.88 ± 4.13

23.5

51.31 ± 3.28

27.1

500

48.28 ± 3.33

33.4

44.54 ± 2.71

36.7

42.03 ± 2.72

40.3
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but they do not show the tendency generally.
For optical transmission, the tests showed that it
does not show the normal distribution for different
sand quantities and different angles of inclination; thus
the mechanical strength was determined by the two
types of testing (shock ball and biaxial bending).
4.2

Effect of the sand quantity

For the undamaged state, we observed that the
roughness measures (Ra, Rq, and Rmax) are almost
constant throughout the surface; compared with those
of the damaged samples, they gradually increase with
the sand quantity.
To characterize the effect of different sand quantities
(100 g, 300 g, 500 g) on the damage to the surface state,
one compares the graphical representations in Figs. 2,
3, and 4.
The damages to the surfaces caused by the three
quantities of sand resulted in surface structures that
are almost similar to those of the undamaged state
from the edge (x = 10 mm) up to the point x = 20 mm,
and after this point (toward the center) the difference
begins to appear distinct at x = 50 mm; this can be
explained by the the concentration of the sand grains
which impacting in the middle of the specimen surface,
caused by a guidance of the grains in the glass tube
(see 10 of the device represented in Fig. 1).
From the graphs of the optical transmission (Tr)
presented in the Figs. 5, 6, and 7, we notice that the
optical transmission decreased as the quantity of sand
was increased; this can be explained by the fact that
while increasing the quantity of sand, the number of
craters created on the surface by the grain bombardment increased, hence the decrease in the transmittance.
That is, the decrease in the optical transmission is
due to losses of light at the flans of the craters and
microcracks (in our case, these are represented by Rq),
which means that while increasing the craters and
microcracks, the transmission losses increase as well.
From the graphs of the rupture strength (rc or rf)
in Tables 3 and 4, we notice clearly that the strengths
of the damaged samples decrease as the quantity of
sand is increased, which can be explained by the fact
that while increasing the quantity of sand, the number
of the longest microcracks (which in our case are
represented by Rmax) created on the surface by the
bombardment of the grains increases and thus the
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reduction of the mechanical strength.
From the Table 3, we observe that the relative
variation of the mechanical strength by the shock ball,
rc, increases and the number of repeated shocks,
Nsr, decreases while the quantity of sand for each
inclination angle of the sample is increased.
One sees that Nsr values for different sand quantities
and angles of inclination are less than 10, which confirms that we are not in the hardness level (Nsr ≥ 10) [8].
From Table 4, one notices that the relative variation
of the mechanical strength by biaxial bending with
circular rings, rf, increases with increase in the sand
quantity.
Also, one sees that the standard deviation of strength,
rf, decreases while the sand quantity is increased,
which can be explained by the convergence of rf to a
residual value corresponding to the greater quantity
of the sand.
4.3

Effect of the inclination of the surface

The graphs of the measured roughness in Figs. 2, 3,
and 4 show that the damage to the surface state
increases with increase in the angle of inclination. This
means that during the bombardment of the surface of
the sample by a grain of sand, the impact energy is
divided into a reduced sliding (grain rebounding)
and an increase in energy scratching (absorbed by the
surface which induces the craters and microcracks)
while the angle of inclination is increased.
Figures 5, 6, and 7 show that the optical transmission
decreases with the increase in the sample inclination.
This is explained by the fact that scratching has the
ability to create more craters and microcracks as sliding.
Tables 3 and 4, respectively, show that the mechanical
strengths by the shock ball, rc, and by biaxial bending
with circular supports, rf, decrease with increase in
the inclination angles, which confirms the argument
that the scratching has the tendency to create more
craters and microcracks than sliding.
4.4 Comparison between the two types of tests
To better compare the results of both mechanical tests,
we determined the relationship between the mechanical
strength measured by the shock ball and that measured
by biaxial bending (rc/rf) for different quantities of
sand and inclination angles. The calculated ratios are
summarized in Table 5.
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Table 5 Ratio of the mechanical strength determined by the
shock ball method to the values measured by biaxial bending.
M (g)

rc / rf
 = 30°

 = 45°

 = 60°

100

1.42

1.45

1.47

300

1.60

1.69

1.76

500

1.90

1.96

2.06

From our experimental results of the mechanical
strength by the shock ball method and biaxial bending
that are given in Tables 3, 4, and 5, we note that:
The ratio of the mechanical strength measured
by the shock ball to the corresponding values
measured by biaxial bending is 1.35 for the
undamaged state, but for the damaged state the
ratio varies between 1.42 and 2; which is in agreement with that found by NOVOTNY [9–13] as:

 rc 1.48 For a flat glass before damage;

 rf 1.86 For the same glass after damage.
The

mechanical strength measured by biaxial
bending is smaller compared to that determined
by the shock ball.
This observation can be explained in two ways:
The absence of the fatigue phenomenon for the
shock-ball test, since the load is instantaneous and
yet the manifestation of fatigue for a bending test
due to charging time is approximately 10 s.
The surface under the loads is greater for the
biaxial-bending test than for the shock-ball test
in which it is immediate, whereby it has a higher
probability to develop critical microcracks which
cause rupture.

5 Conclusion
The work we did consists in determining the damage
effect caused by a deterioration of the mechanical
strength of soda-lime glass by sand gravitation.
On the basis of the experimental results obtained,
we conclude that:
The roughness of the surface (Ra, Rq, and Rmax),
the optical transmission (Tr), and the mechanical
strength (rc and rf) do not show expected
behavior.
The damage to the surface state increases with the

increase in the sand quantity, and thus a reduction
of the optical transmission and mechanical strength.
The decrease in the optical transmission ( Tr )
varies between 1.2% and 45.9% for increasing the
quantities of sand and the inclination angles of
the sample.
The relative variation of the mechanical strength
measured by the shock ball, rc, varies between
1.5% and 8.8%, but the one measured by biaxial
bending, rf, varies between 6.1% and 40% for
increasing sand quantities and inclination angles.
The number of repeated shocks, Nsr, decreases
with increase in the sand quantity for the shock
balls.
The deviation in the mechanical strength measured
by biaxial bending, rf, decreases with increase
in the sand quantity and inclination angle.
The damage to the surface state increases for
increasing inclination angles, and hence a reduction
in the mechanical strength.
The mechanical strength obtained by biaxial
bending is smaller than the one determined by
the shock ball measurement, and the ratio of the
mechanical strength measured by the shock ball
to the value by biaxial bending is 1.35 for the state
before degradation, but it varies from 1.42 until 2
for the damaged state while the sand quantity
and inclination angle are increased.
Therefore, by the results of this study, we have
obtained information that could be useful and very
important for a good understanding of the influence
of damage by sandblasting on the mechanical strength
of soda-lime glass.
Open Access: This article is distributed under the terms
of the Creative Commons Attribution License which
permits any use, distribution, and reproduction in any
medium, provided the original author(s) and source
are credited.
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